
2 Goals
• Write once, run everywhere

• Identify iCub motors 

Andrea Del Prete , IIT

=>  improve joint torque control
Daniele, Silvio, Roberto, Andrea
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getQ(double *q, double time, bool wait);
...
getDq(double *dq, double time, bool wait);
getDdq(double *ddq, double time, bool wait);
getTau(double *tau, double time, bool wait);
getExtForce(contactList *cl, double time, bool wait);

stateInterface

solveStackOfTask(q, dq, ddxd, fd, J, priorities)
    ddqd = computeDdqd(ddxd, J, priorities);
    taud = inverseDynamics(q, dq, ddqd);
    taud += J^T * fd; 
    return taud;

q = getQ();
dq = getDq();
f = getExternalForces();
x = forwardKinematics(q);
J = computeJacobians(q);
[ddxd, fd] = computeTaskRef(x, xd, f, fd, J);
taud = solveStackOfTasks
    (q, dq, ddxd, fd, J, priorities);
setTaud(taud);

Control

q = getQ(now-delay);
dq = getDq(now-delay);
ddq = getDdq(now-delay);
tau = getTau(now-delay);
pwm = getPwm(now-delay);
updateModel(q, dq, ddq, tau, pwm);

Identification

setCtrlMode(int joint, int cm);
setTaud(double *taud, double j=-1);
setQd(double *qd, double j=-1);
setDqd(double *dqd, double j=-1);
setPwmd(double *pwm, double j=-1);

actuatorInterface

getH(double *q, JointId j, double *H);
computeJacobian(double *q, JointId j, double *pos, double *J);
computeDJdq(double *q, double *dq, JointId j, double *pos, double *dJdq);
forwardKinematics(double *q, JointId j, double *pos, double *x);
inverseDynamics(double *q, double *dq, double *ddq, double *tau);
directDynamics(double *q, double *dq, double *M, double *h);

modelInterface

readQ(double *q, double *stamps, bool wait);
readPwm(double *pwm, double *stamps, bool wait);
readInertial(double *i, double *stamp, bool wait);
readFT(double *ft, double *stamp, bool wait);
readAccelerometers(double *acc, double *stamp, bool wait);

sensorInterface

Read state (estimation 
is transparent)

Use model to compute 
actuator commands
Send commands to 

actuators

Read state
Estimate 

parameters 
[using model]
Update model

q = getQ();
tau = getTau();
pwm = getPwm();
addData(q, tau, pwm);

Estimator

Read sensors
Estimate state 
(using model)

read

use

provide read

use & update

use

write

q, dq, pwm, tau
MotorIdentification

q, dq, ddq, FTsens, base vel/acc
InertialParameterIdentification

q, dq, base pos/vel, Fext
TorqueControl

Each interface has 
methods to block/

unblock joints

Class implementing this 
interface provides also 
methods to configure 
estimation (e.g. filter 

parameters)

YARP and iCub 
independent

model interface 
is stateless
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Adaptive torque 
control

τv

MotorAdaptive Controller Robot

Mq̈ + h = τ

q, q̇

τ = Y (q, q̇, q̈)â− ks
˙̂a = −ΓY T (q, q̇, q̈)s

qd
τ = f(v, q, q̇)
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